Ranolazine reduces neuronal excitability by interacting with inactivated states of brain sodium channels.
Ranolazine is an approved drug for chronic stable angina that acts by suppressing a noninactivating current conducted by the cardiac sodium channel [persistent sodium ion current (INa)]. Ranolazine has also been shown to inhibit the increased persistent INa carried by NaV1.1 channels encoding epilepsy- and migraine-associated mutations. Here, we investigate the antiepileptic properties of ranolazine exhibited through the reduction of hippocampal neuronal excitability. At therapeutically relevant concentrations, ranolazine reduced action potential firing frequency of hippocampal neurons in response to repetitive depolarizing current injections. Similarly, using a single current injection paradigm, ranolazine required a long depolarization (4 seconds) to produce significant inhibition of excitability, which was similar to that observed for the anticonvulsants phenytoin (slowly binds to the fast-inactivated state) and lacosamide (binds to the slow-inactivated state). Ranolazine enhanced the development of fast and slow inactivation assessed with conditioning prepulses of 100, 1000, or 10,000 milliseconds. Recovery of channels from inactivated states was also slowed in the presence of ranolazine. Interestingly, the use-dependent inhibition of hippocampal neurons was dependent on the duration of the voltage step, suggesting ranolazine does not selectively affect the open state and may also interact with inactivated states. NEURON (Yale University, New Haven, CT) computational simulations predict equal inhibition of action potential generation for binding to either fast-inactivated or slow-inactivated states. Binding of ranolazine to either preopen or open states did not affect the excitability of the simulation. Ranolazine was able to significantly reduce the epileptiform activity of the neuronal cultures, suggesting possible antiepileptic activity.